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(54) HIGH TOUGHNESS FERRITIC HEAT RESISTANT STEEL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a ferritic heat resistant steel 
for forming a gas turbine rotor and a disk excellent in creep fracture 
strength at an high temp, and toughness at an ordinary temp. 
SOLUTION: This heat resistant steel has a compsn. contg., by weight, 
0.08 to 0.25% carbon, <0.5% silicon, <1.0% manganese, >1.0 to 3.0% 
nickel, 9.0 to 12.5% chromium, 0.3 to 1.5% molybdenum, 1.0 to 3.0% 
tungsten, 0.10 to 0.35% vanadium, 0.02 to 0.10% niobium, 0.01 to 0.8% 
nitrogen, 0.001 to 0.01% boron, 1.0 to 5.0% cobalt, and the balance 
substantial iron and having a structure composed of a martensitic 
matrix. 
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j&WWWeU Mltf>»i«t*«U $8tt£ffiT$-lt 

4 . ± fc . si «&KisHfc&«rc* & v -^xm ( F e 

2 M) *>£jft*ffiU iJfceWflWf^fcriO^'J-^tt 

0. 5%£kTb L/S. ifi*. 

^xi/? hnx5^?«»i£^®ffl$ix. L*> S i 

o . i mrra o s i & . 

[00 2 2] (Mn ) jCOlvC 

u m 23 c 6 saR-flsBKowaj^flat-riTaBfcLT^rsft 
=6r7aRT****. m nitijpt t uz9 v-yma&g. 

&.a£L<f±. o. i—o. 5%-ci>&. 

— >yjr>U (N i ) tgoivr 

i*3»«r7aB-C. »fc:«tta*wfcftfc:ttftfil. 0% 
£^T'$>I>. £fz. ZtlbWSmii* Ni&tN'Crpgjc 

tBt&. U&»U NU23. 0%5:Si.4i:, 400- 

450 'Ciza^h »&3£jg ( 9 y -rss*. ? y -rss 

T, -?-c7)#*r*§r 1 . 0%$rffli.3. 0%JaTfcUfc. 

a*t<{±, i. 5-2. 2 5m§. 

[00 2 3] ^PA (C r ) fcOWC 

SKHMStfte. ?OA (C r ) (£«®9 . 0%<£^X'h 
htK 12. 5%5-iiSt5-7x7^h^«L. 
mM&mi3J:r/®&$:&TZ-£h<?>X'7v2± (C r ) SO 
*«£9. 0-12. 5%a8J&*-4. 34L<tt, 
10. 2—11. 5%T*4. £<fc. ?cIf^?Oi 

acift-jttt. »flsflaft«yii^fe:«-7x5-f how 

r§i(Cr+6Si+4Mo+l. 5W+11V+5 
Nb-40C-2Mn-4Ni-2Co-30N) 13 

2. o^jaTtisje-rs^ffSLv^ £*uci»K $ 

t'jyfv (Mo ) tcoirvr 

5Wr7c*-C* 5. Mo ^SSCrgsflrr & i MA1±£it* 



f^ffl-rs t k t t. m 23 c 6 M§nm<m®m&£im 
lt waaHtflmsc* fc t-c, ? y -T%ug.*9 y -r 
sc, m o (i o . 3 %gjsm±asjirts t . $i?>*& 

U6»U Mote, 5i*MiD-ri.fc5-7x7-f bSr 

«re**5-^ffi (Fe 2 M) <0*rfc$rWai£fB<7c 

kcD&mz£<0*cr)mfai)WfflZtlX^h. M 
o«ffin*<OJhKi±l. 5%ST'i«a6£>*t6. M 
o»(i0. 3-1. 5%fcUi. 

[0024] fvyxfy (w) tcpivr 
•t&mwb*). zt>izffl®mn\5mbLx. ?v- 
tcnMX'fo o , -t<?5SfcsyiMoi:tf>ii^aaino«^tai 

^JSfSMt^-Cfc-S^-^ffl (Fe 2 M) *£jftL 

ajBHsa^fiT^-*. wcojsauMttMocoasjiai 

<7)fii!(C. N i oC0Wi)]&1LliZT&W£tl* 

1. 0 — 3. 0%<Z)N igsfln^fcltS 1 . 0 — 5. 0% 
cOCo^jDfiOffifflT'Ji, W0 3%$r^^4ti»^jD 

T<6. >Iix4>2:#«L-CWco#^»{il . 0-3. 0 

X'fo*). (Mo + 0. 5W) (i, 1. 4 0 — 

2. 45%*W£U-». Clc0(Mo + 0. 5W) J:Mo 

rfrtj/gA (V) tcov%T 

v«. MokH«K*iBK:i3*t43ME H 
73) f)|6|±K:^=Sr7C*T*4. V«ffl»fWi 

^ y -r^^Kia^iHifi^^jffli LX9 y -7W??9 y 

Aetffthlflgffl (0. 03-0. 35%) O^jDMT'^iX 

{f. ttfte*8BiiHfcs-»i-T. «erti±t=fc*3»-c**. 
uz. esmmvc^L. m 23 c 6 rndtimwrnaim. 

0. 10-0. 3 5%tUw. 24t<ti. 0. 15- 
0. 2 5%T'S>4„ 
[002 5] ( Nb ) iZ-O^X 

Nbll Vi:H1«K:g|5S»S-^ilt**if»«ffl3ME. M 

mz9 v-mjK*9 u--rmmm^j:b^-mMsm<r> 



(8) 



WHH 1 10-251809 



m t . ■mm&.*%#>hftmti s b <o . ft® o . 02 
j^fcET**. l*>u 0. 1 o%zmthtvtnm 

t , «&3S!J£0<£T£-fS< COT-N b cO^-*»i 0.02 
-0. 1 0%lzm$tt&. S*U<li, 0. 02-0. 

u . mmmmmizmvicD n b c a** as l . z comvi n b 
c tfmfflm.mzmmm*R&-i-z t w& t . -e z x\ 

NbfcO. 4fg<7)C<7);fn£Nb + 0. 4CS0. 12% 
I,zm5£t&<?>i} s 1fr& U\ dcOCNb + O. 4C) £N 
bS*fc«T*. >Iixti: , 3, apRNbCtfDflfflfclll 

(B) tcovvr 
BI4, &^"ftf£fflkM 23 C 6 SKflSft+tBBSL, M 

2 3 c 6 mmimnmmaxitzmf&ftmiz* 
%.mtbh%)%ktfh o . ftffi o . ooi %m&n-rs t * 
mvhhifi. o. o i o%*ttiSk»«tt < WBettS: 

m-$-hcr>x\ 0. 0 0 1—0. 0 1 0%fcHBJ£f-4. 3 
4L<ti, 0. 0 0 3 — 0. 0 0 8%tl)S. A 
S-f ^X^OSBttfcJtof 90 0 — 1 200 < 'CtC 
Mfe L £«£B$ (C fta e B Fe 2 BfcitfBN 1fi£tiL L . jg 

*ZX\ BtO. 5fgONcDfn£B + 0. 5NS0. 0 
3 0%tC|®^-r^co*W4L^ <> ,I<O(B + 0. 5N) 
SrBSii:^*-^-!.. Zixt l zX t ). MFe ; B&Xlfi 
BNO*jS*HI»-C*4. 

[0026] mm (n) tgoivr 

ftffliO. 0 1%l4 ! eSt:*6* f . 0. 0 8%i*iSt 
gtt£ffiT3#4tf)T. N^*tlt0. 0 1%— 0. 

osxfcRRjg-r*. a*t<ii. 0. 0 2-0. 04% 
±3i#v> (B) fce^tfftctOftflF 
e 2 BatXBNO^SrffijS-rSClii^S. «ot, 
ilB^iiOBSMS- (B + 0. 5 N ) SO. 030XC 

gN/jjPh (Co) £o^T 

Coll, ^^tft3lW>WS*»feKg!tT1«»^lt*« 
»WBBT* 5.Co ttffliSSUfcWW*- & k fc t * 
-7x7-f h^fajWWfcra** 4 *^, *i!«JiiHi<0« 
3ttc*ffl-c&*. *f6Wt*JV^T«. N i co^SntcJ: 0 
Ac ,301*1415 7 0 OXJtfiT-f***, C o^P^A 
ciXflfcS (#j7 0 0r£ig«) £{Ji/li:*^;L-r, 

6. ijfU4«*4><. Mo, Wt^fflS^ffltCcfc&iO 



k#*&*U MoiI(Mo + 0. 5W) tl. 4 0% 
Ja±*tf*«flHfci5 weft SW=5ra^T'$> Zcr>£ 
o &N i <?) 1 -3 %mmz&l,f& C ofiOSS*SrW58(cH 
a-TS^lc, *^«Hct3(t^CocoTH{41 . 0% 

ttzaxh ifi±m-h cdx\ ±mz 5 xizmfct h . m. 

of, C o c7)#**{4 1 . 0-5. 0%fc-*-*. M4t 
<i42. 0-3. 0%Xh&> AMx-rX^Sl 

aj^Hjh-tiikJ&OF^r^TCfcS. Co(J5-7i5-f 
hOffiaH^W^^ C rli (Cr + 6S 
i+4Mo+l. 5W+1 1 V+5Nb-4 0C-2M 
n-4Ni-2Co-30N) ^ffiT^&^&TC* 
T£> & . *Wm\,Z& ft & C r S 2 . 0 OT(C(S 

[0027] ^OflS 

coMA^Stt Jofi^rV > L (DX'fo Ztih commit 

|.i:3Xhi«i:^r?»cO-C\ P<40. 03%if4t<{4 
0. 0 15%HT. S{40. 0 1%»4L<{40. 0 0 
5 %JilT, C u {4 0 . 5 0 %iHT* t m£ L < . -e^fluo 

^mmmt tx. a i , sn, sb, AsKt'&h 
mz. mmt ■ ^Mxmamm&iz^xmmt 
h. xmiizi&hmfmimxmBmimzmiiiZit 

W^Jg2r«46-l»$!)m*^Nb^0. 0 2-0. 10% 

SftMa^ftNbSr^^-xft-f htcSljl^iir^.I 
tiW*SXX*bh. LfrL%Wt>. NbJ4, MAlS^Sr 
1 0 5 0*C*»fc:U!:*£\ «SH*fcr«f{BLfcSy:«r« 

ml, &£izimizim%n%i\ z<mtt£#smm 

*ftfc«>fc:tt, t-xft'f b-fb^'J; OJKfff* l 0 5 
O'CfcJUbO^-Xx-t-r h-fkiaSA^coMAix^^tc 
1 1 5 0X;£H;l*fc*»5§fc:ffi*>Si«l}fc 

4^>, MAiliaSffiH«4 1 0 5 0—1 1 5 0°Ct>m& L 

[0028] <>:^, «t> if L^jasiastcov^-c^^- 

-Xt-M b$r^^*-r^7t*6, 5 3 0-5 7 0*C 

m 23 c 6 mm-itmtiJix/^mm^m^^zm^n 
%-mf-?)V7-v*r-i hy^mzmm^. a^mxs 

§ &m2&<7>mi> t'Lfmmi§L%m,mxh& 570-6 

8 0X:«^fe«a*ifeSr«fflLTV»6ifC*6. »!» 
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«fc*r UftK&iiftftf 5 3 0 °a&ffiX'h h t , *sbim- 

tf+ftiz&t>ti*^tztb. m i mti> f 5 3 
o~~5 7 o-cni&mmbLti. &2&mhk'Lm>im 

iflK**5 7 O-C^HTfcS t . ±lfi^M 23 C 6 M^-fkft 

*<oflM>4 5 o°c2r®i.i>i«jaT«B#ra<7)7 u-r 
*SJt* i: . $ ^teWastfaWr*-*. k k ktc**BL*fc 

VacoVx&®mmT^& kki>lzffil>k° L#3ffiMte$r 0 

ffc&I<?)jUK£Hfi: 5 7 0-68 0*C#»* U\ 

[0029] ia^coswaa^ife-ti t t ± o . @a&# 

ttMtOtf&Mk* 1 . 5-2. 511%«S1, -7/l.f ^ 
-»M h7^.F*|gP^«fai^-li-.|.MXMj^M-ft;!|%cO«fai*2r 

0. i~o. 5ii%«, isftfiffat^^^t 

1 . 5it»%<OffiBfc U ±!e^WffiftcD-£ft*£ 1 . 

5—4 . onm.%cr>mmizmm-th y — rws? 

WttftT#^*< £4 . k < t=#i Lv^ffiflio^gf* 
4>«Hli2. 5-3. Wffiife 
W-^lt»(?)F*]K{i. mz, M 23 C 6 a*&ffctt«OWai*£ 

1. 6-2. ommxtiXx/Mxmmm^tm^mthM.i: 

0. 1-0. 21i%Cilf2 1 ;i:AWLV\ * 

jvm&wxzxix. w^mzxvm*mm-hmm& 



m&mzxz. 

[ 0 0 3 0 ] mz. *ftK(cffifc*H^c9&A&S(c 

o^m*i^. ?y-nw«^< 1 - 

1 5 0 u m § fc fflttfc ± 7 l> - 

*4fc*>* *F*UvBJM&go5«Hli2 0 
-1 5 0wmT'^ ( <»c, *%K(=fltbtiiffl!>fllaH 

JI<OB*aaiirt-&ii:*W«i:LTi3 0. WCBttCfc 
fc'fcJt^T mmWZ& ^X£*)Mffi L^tTv *7E*T* 

u?huxy ynmmm^ fcii**u=» t s krik 
mutz-v? v^xyfwmk&m^k^m^hzkti- 

[003 1] 
[IQfcffll ] 

(1) 2 U-rfctHfrotignstt [jMJ 

«K«i: tTfflv^ 1 2 fmnmmi<?>tt&mf&z$k5 

&iiXfm.6\,z : m~t. 
[0032] 
[^5] 
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mm* 












ft 








ft 












C 


Si 


Md 


P 


S 


Ni 


Cr 


Mo 


W 


V 


Nb 


N 


B 


Co 


Fe 




i 


0.12 


0.05 


0.08 


0.008 


0.001 


1.20 


10.5 


0.71 


1.82 


0.20 


0.055 


0.025 


0.004 


3.3 


a 1 




2 


0.12 


0.05 


0.08 


0.008 


0.001 


2.10 


10.5 


0.72 


1.81 


0.20 


0.055 


0.025 


0.004 


3.3 


a 




3 


0.12 


0.05 


0.08 


0.008 


0.001 


2.80 


10.5 


0.71 


1.82 


0.20 


0.056 


0.026 


0.004 


2.8 






4 


0.12 


0.05 


0.08 


0.008 


0.001 


2.80 


10.5 


0.68 


1.80 


0.20 


0.055 


0.027 


0.002 


2.8 


& 


5 


0.12 


0.05 


0.08 


0.008 


0.001 


2.40 


10.5 


0.09 


1.79 


0.20 


0.055 


0.025 


0.004 


2.5 


& 


6 


0.12 


0.05 


0.40 


0.008 


0.001 


1.80 


10.5 


0.69 


1.81 


0.20 


0.055 


0.025 


0.004 


2.4 


m 


85 


7 


0.12 


0.05 


0.20 


0.008 


0.001 


2.20 


10.5 


0.69 


1.78 


0.20 


0.055 


0,025 


0,003 


2.7 






8 


0.12 


0.05 


0.08 


0.008 


0.001 


2.80 


10.5 


0.72 


1.80 


0.20 


0.055 


0.025 


0.004 


2.7 


m 


it 


9 


0,12 


0.05 


0.08 


0.008 


0.001 


2.9D 


10.3 


0.69 


1.81 


0.20 


0.054 


0.025 


0 


0 




10 


0.12 


0.05 


0.08 


0.008 


0.001 


2.40 


10.5 


0.71 


1.77 


0.20 


0.057 


0.024 


0 


0 


SI 


m 


11 


0.14 


0.07 


0.08 


0.005 


0.003 


0.52 


10.1 


0.65 


1.71 


0.21 


0.051 


0.025 


0.006 


3.72 




12 


0.14 


0.07 


0.50 


0.008 


0.002 


0.60 


10.3 


1.46 


0 


0.17 


0.056 


0.056 


0 


0 





[0033] [«6] 



tit m % 


* (1) 


CrS£ 
it (2) 


* (3) 


Nb^g 
5* (4) 




i 


1.62 


1.735 


0.0165 


0.103 




2 


1.625 


-1.840 


0.0165 


0.103 




3 


1.62 


-3.690 


0.017 


0.104 




4 


1.58 


-3.875 


0.0155 


0.103 


n 


5 


1.585 


-1.590 


0.0165 


0.103 


m 


6 


1.595 


0.40 


0.0165 


0.103 




7 


1.58 


-1.445 


0.0155 


0.103 




8 


1.62 


1.945 


0.0165 


0.103 


« 


9 


1.595 


1.235 


0.0125 


0.102 


10 j 


1.595 


3.50 


0.012 


0.105 


11 


1.505 


2.22 


0.0185 


0.107 


m 


12 


1.46 


8.03 


0.028 


0.112 



im * (i 
2 



B3#-B+0.5N 0.030<KJ£IT*fS#) 

T. Fujita, T. Sato and N.Takahashi transactions ISIJ, vol. 18, 1978, P115. 
D.L.Newhouse, C. J . Boyle and R.M.Curran : 
Preprint of ASTM Annual Meeting, Purdue University, June 13-18, 1965. 



[0 0 34] Z(?>o-h^ No. lj!r>£,No. 8,i*5&HJtf^ 
*>SW^^b^ffl^ffl^«lTS>'?. No. 9*^ No. 

1 2(i*»IBvC(IR*>4BS!«<^b5 6 aritKllt=S-C.i* 
4>=5rv^lt«?W-C'S)^. .lcoo*>. No. 9t5£X/tio. . l 0 
tic oisit^B <t>w3nmtf*m&>9ffl A 3r v tfrc 

*«. No. 1 Hi, Mi{f|$aPF7-8 6 6 29-9^« 

titcM&9-V>mv-9tt<?)m?*> 0, Ni cogSJPi 
a^foBJtottfflfcA&Srv^T&ft. No. 12 

»i, ftffl®6 0-16536 0#vCBH^S^TV^«-C 



4. .KOfWi, Ni, Co, Bstm«Djsan*a**s»i 
ffl«<oiis*)BWfc:r t . 5 o k g mm zmm l 
mtmm (aai/2. su, £1*3. 7s« £ 
ejM&^Rfcawfc'HBftayi (^utis i o 5 o°c 

800mm, f $ 2 5 0 mm<O^If ^^^^'MW 
*>, i o 5 o°crei 5 h riuf»Lt^tC*— xf-^^ 



(11) 



EpHPP 10-251809 



*C/ hrC LTMAiX L7tf^ . 5 5 0'C-C5 h r COlfll 
m& i> t' I b 6 4 0 °C T 1 0 h r COSH 2 t 1* L £ 

wtoKS-tseflfSratatr**) tsactj tt •?> o . 2 %w 

[0035] #3&BJ!§HNo. 1 -No. 8fe JtfJtttMNo. 
9— No. 1 2fcOWC£» (2 0'C) fc:tJV^"C§l38Kifc 

SB 1 JS»flC**itt!i*©MS3ISftR. 



«^<1^J:V5 0%FATT (mwm&W&) 
3l5fiffi«i: k 1 1«7 fcijstf-. * £ . *fHB«No. 1 - 
No. 8&£Xfimmo. 9— No. 1 2 £4 5 O'C&itf 

SA>f>4 5 0*Ci>J:t>'5 0 0°CO10 5 hr^fclfS? 

[0036] 
[317] 

«*«. SWFATTX.tf? y-rSSWiSg 







3!S3£ 


0.2 jStfj 


ft 






50%FATT 


I0 s hr*)-m&®m (kgf /nw 2 ) 




(kgf/am*) 


Ckgf/W) 


(%> 


m 


Qcgf-ra/cn 8 ) 


(t) 


450t 


SOOT 




1 


99.0 


86.0 


21 


64 


17.7 


12 


50.0 


35.0 




2 


102.0 


87.0 


20 


65 


19.2 


-20 


48.0 


33.0 


* 


3 


104.0 


81.0 


19 


62 


20.2 


-65 


42.5 


30.0 




4 


106.0 


84.0 


21 


66 


20.0 


-65 


42.0 


31.0 




5 


101.0 


85.2 


22 


63 


15.5 


-35 


44.0 


32.0 


SV 


6 


98.0 


85.0 


21 


63 


18.0 


-10 


46.0 


33.0 




7 


102.0 


OT.O 


21 


64 


20.0 


-25 


42.0 


30.0 




8 


100.0 


83.0 


22 


74 


21.0 


-65 


40.0 


31.0 


ifc 
ft 
» 


9 


101.0 


85.0 


19 


63 


19.6 


-72 


36.0 


27.0 


10 


101.0 


88.0 


23 


66 


16.2 


-35 1 


37.0 


28.0 


11 


97.0 


82.0 


17 


53 


2.8 


80 


48.0 


35.0 


12 


100.0 


86.0 


17 


54 


6.3 


44 


46.0 


34.0 



[0037] mt^mht^xo^ \.Ymn*fffl 
mvym^msLiztswh o . 2%w^«so kg/mm 

ffiBWr •* X7ttcr>5 0%F ATT£>BiM»i + 2 O'C 
EIFC****. *fMWM-C**No. l~No. 8i5±t/Jt 
HK»o. 9 -No. 10«V^<lflMfr&t,B«ttJaTT* 

No. 1 l~No. 1 2C05 0%FATT{i8 0°Ci3j; 

Lxmrn^+ttx-fo h^t tthti^h . «7*»4>, 

BJfflNo. 1— No. 8<04 5 0'CX 1 O 6 hr?y-7i 
BRftKli. JfctMWto. 9~No. 1 O0>-Hi6£JhEI»K 

BrSftg (4 0kg f/mm' ) £U:fc*U ? 

let j&**>*»4 . £fc . ittSiBNo l l axflto l 2 (i , ± 

BrSfiSfi. *»W«to. l&J:t/No. 2co-Hi£>kR|IP 



[0 0 38] [HM0IJ2] 
(2) 2 U - Z t IMiaB ( £Q 2 ) 
HJSffl 1 fcfev >Ti8»&tf«aftfc: J: oTRift Lfc>hSMR 

Lfc. i-T. /J^MjSff 5rfi@ 1 6 0 0mm, f?40 

U-hL^^JBaSrtf^-P^:. W*>» 10 5 O'CX'l 5 

4>^SI5cOMA#ffliSJ£S:*-;2 0 0*C/h r lz LT&Aft 
LfcfiL 5 5 0°CT5hr^lSMi>i:ti:5 8 0'C 
tl Ohrcom2&ffi.i>k'L£fi%itz. 3:33, 

&&9i*%:*>*>mM£.t5i?& 0 . 2 9 5kg/ 
mm' \;Xkb%:&&?tzm&Ztltz : t><7)X'fo&. 
[0039] *^BBiHNo. 1 —No. 8fc itf JfctMWto. 
9— No. 1 2fcOtvCgiS ( 2 0*C) fcfc^T?l5il«^ 

a8tc5«f . 4fe. *^JilNo. 1-No. S*5j:tXJt<S 
iiNo. 9— No. 1 2£4 5 0'C*5j:tf5 0 0°C<7)£-iag 
T^U-r«ISK«*SI«tL, -?-tfOS**^4 5 0 < Cti 
■fct/5 0 0-CcOl 0 5 h rtfettft^'J-T^Wai** 
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[0040] 

s2se»fw*cfi6i«««o^s?i®*K. mum. 5gkfatt&!** v-rws<me. 









0.2 Wft 








SO^FATT 






VJL&l/ CMJ ) 


(]rat/ttnF\ 

VKgi/im > 






vvgl Ml/ClJ > 




450t 


500t 




i 


117.0 


100.0 


21 


73 


10.0 


15 


61.0 


45.0 




2 


117.0 


100.0 


20 


74 


27.0 


-10 


58.0 


43.0 




3 


117.0 


97.0 


22 


73 


24.8 


-60 


54.0 


41.0 




4 


113.0 


94.0 


21 


64 


20.6 


-60 


55.0 


40.0 




5 


115.0 


100.0 


22 


70 


20.2 


-30 


57.0 


42.0 


m 


6 


117.0 


100.0 


21 


73 


22.0 


- 5 


56.5 


41.0 




7 


117.0 


100.0 


21 


73 


23.2 


-15 


52.0 


40.5 




8 


112.0 


96.0 


23 


73 


27.0 


-60 


51.5 


42.0 


jt 
& 
a 


9 


108.0 


94.0 


21 


68 


22.1 


-65 


47.0 


36.0 


10 


111.0 


98.0 


22 


70 


20.0 


-25 


46.0 


37.0 


11 


115.0 


9T7.0 


17 


53 


2.3 


110 


60.0 


44.0 




12 


115.0 


99.0 


18 


67 


4.0 


48 


58.0 


43.0 



[0041] m8frt>*Rbti*t£i o\z, ^-ttico^zm 

«0*6-fcSiftCfctt4 0 . 2%I^9 5kg/ram 

4 5%v±z+mzffi3.Lx^&. ffim&&X'$> 

hit. ffiia^-b'>-TV^.^»O5 0%FATTOgg 
«i+ 2 Q>°CVXFX*1bht>K *^BJMT' J>-S.No 1 -No8 
fcil/lt^No. 9~No. 1 Oli^-?tl<7)igr&i>BMm 

tllZftLX, No. 1 1— No. 1 2<7)5 0%FATT{il 
1 0°CioJ;V4 8-Ci:i«<eS<l^}1l^-r. 

h>f < * 7 m t Lxmm^+ftx'h hzt 

h. m8^^^mmHo. l~~No. 8«4 5 0-CX 1 0 
» hr^'J-7liM(i. Jt<RS0No. 9~No. 1 0<D 

Tg^$^-g.^U-7 < 5!58ff^ (5 0kgf/mm2 ) 

i;ll£*u fv-yiMsmm^imzixxm. tea 

No. 1 l&tfNo. 1 2(2, ±j&DM9?3tefi@tM!£}?t 
Ji.L3rUiO^ i7U-7°5SBr5SJS{i, *^«SNo. 1 
fcitfNo. 2 ^ft^£|E^i •!>. 
[0042] [H»J3] 

o) c omvmmiztmh n i comitm^mzRn^ 
v ^mm%7tmx'$> hco mumwffliz&if 

h N i tZ&B LT . C omSUT^fe^i. N i tfOM^fbi®^ 
t < lz&4 0 0'CJ.XL?OJ|B*P^ffl 



T. Mk^££^tt«fc;*^cMki:'Llfcli;ft£5 0 
OXTCl 0 0 O^cO^B^ffCH^ff^^H^^ttt 

fc. b$2W£, S&£-£t*- 1 oox;~ox;<oift9E(SHfc: 

%F ATT (|£B9£ffift) 5 0 %F ATT 

<oii#ffl^raifl5M^»iTv*& <r t z^-ftK z zx- 

HjtLi>£L£t0fflft0>5O%FATT (FATTofc 
0:^) <DffiiB#$)f&9 5 0%FATT (FATTtt^ 
tH) omtO^ZAF ATTtfi^L. IfrfbiSSttOfg 
fti: L/c. ;c7>AFATT«Offi**ffi^{3ifie-fL®SttJi 

mimncomummm^ztufhNi&tFAT 

TRXfAFATTCDffli&&fjk-ty7yX*fo&. Z<?>miZ 
iic$-*D<. A FATTEN i Jb&*$>>2 . 2 5%£Xim 

fa--5rcffi^ffi£^L , -emxhoN i same «t oaf 

ATT(itijDL> lt'fb!SStt* i iS<^-S.-i:*^^o * 
f6fflt=i3Jt6Ni-Sf*JHi, 1. 0%Sr^i., 3. 0% 

<ojS*»<»ti 2 . 2 5%t-r-i.c7)A i a* uv^. 

[0043] [H&fefiaj4] 
(4) ^Mffl^. ffaft<^BBfeJ:^lffffi* 

iz^h^MMcomtauyvAizx &&m$mmm%im<v 

Wtc^LT^20^-f. znmizti^Xfrfr&i. o 

1 0 0%iHfc*Lv^f >-t^ MKl v^f 
y-»M h^Xrtffll. h5^*2, m& 



(13) 



ttKW 10-251809 



«MMIH*-x-r-MHW) 3J: OflWcSitft. Hfc: 
tt<OM 23 C 6 SKflSHBke*<oAWaHfc-&«J (5-^ 

ffl) a*wan/o*<&. m 23 c 6 mstitmz. ®s$Lum 

TcMtLX, Fe. Cr, Mo, W£ri:'<?>7C*t eo-ft-^ 
ftT'fcft. ABRMfc^ft liFe 2 Mlt 

fflfiUiiiMTcSfc LT, Cr, Mo, W^riftfjTaRS* 

t*. v/i^Try^-f b9^*ff2Cfc±j*<oM 2 3c 6 mm. 

v;i^y-»M b^xrtgBllcfi:. MXSRBflSft 
MjmtLX. Nb, V^'XTC^OCfcit/Nt^L 

t mm&SMdb z mm-h . mmmi. mmm2 
&£vm&m3iz^-tum<7)&mtimi. u-mt i o 

[0044] **Hjc7)||j|<5ij i fctfto&gbKlJl (SB2S 
Mi if LSK : 6 4 0*C ) **L3tKW<O*3W«||<!0ft 
«W^r i> co t LX , ISf4No 3 WW SfcfcflteitWi 2 . 8 

mm 1 ), -tortawi, m 23 c 5 m#nvto&2. 
5 2S*%, MxaRa-nsft**o. 1211%. 

Xffl# 0 . 17 M%Tfc 4 . * * , 9SSm 2lZ{&fr& 

mm (m2®.ffi.ht'L<§jg. ■. 5so°o <nmwm> 
3 <o*raaij«o^it*t± 1.97 msxx'h 0 , -eortiR 

li. M 23 C 6 WkttMtfl. 6 811%. MXSKS-fb 

wo. 1111%, lsara-c* 
wmx'i*. ztm>tftirt-imim0>&it&*i. 5~ 

[004 5] 

[fMB<^»»] it 1 nmm&R 2 Mmwt^mmM 



««0<Hs£a£*li3j:tf 1 2%C r JHfcifcKUC, **«!8 
*t, ISH-JC* Z+ftmM.-t ft i k ft . 

fiaWDH*tt<0 1 2%C rJHTttC o t BifiM 

mtaxh ft <Mztt t . *#DMH"Ctt Co^i. 0 ~ 5 . 
0%Sfe!lD-rftJ:i:tfc. B£0. 00 1—0. 0 1%i 
in Us. ififc.k'j, ^firfy^-A hmtv&fefkkm. 

NiSrl. 0~3. 0%mui-hZblz£Z>m 

nmzWfortttfi* zMzXKfC o&&<misaZtix^ 

htzub. Mo, wcr>+ft%mmt-g:mfm.m*cD®.m£ 

ftW^WififcfcJ: 0 fc ^MsDM ofi(Mo + 0. 

muvi>cr>X*)i>{m&W&<. *fc£*)±WX'&&<r> 
tfA7-t"yizmLtzv-7&J:l/T-<x7-tt%:t'<?)m 

mmzn& zttfx-z , mz-iz. 1 5 o o°cts#x?- 
tih.tt. immzx.&im i \!i?x.y4 vmrnmn 

mmz J; o T HSR** - b'yfflco^lT'SH*^* S ft 
ftn-^«fc LTi>flBffl$ttft. 

[0®<7)fS#^^] 

[HI] 5ISSM30C oaSJu5ffiB«|ttJJt* N i fit F 
ATTRt^N i4<t AFATTc0H8^S:^-r^7 7-C$) 
ft. 

[12 ] ^4^DJI9^gii^$t^^ 
ft. 

[flrff-OtBBB] 

1 v/l'fyf'f b^xrtgp 

2 -?)\sr>*r4 YvxmR 

3 ' ^ B B B fi-^ (\H*-X"r-rJ h&ft) 
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O:FATT c (0tfc±:U*2) 
A : FATTtCfc if Li 3 + 500 °C- ICWb^j) 
# : A FATT = FATT T -FATT 0 ^ 
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2.0 



2,5 



Nifi {vrt%) 
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